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ABSTRACT

The availability of organic matter and the abundance of soil biota re-
sponsible for their decomposition and mineralization often limit vegetation
growth. I examine whether leaf-cutting ant nests affect the abundance of soil
micro-organisms in a semi-arid steppe of N'W Patagonia. External refuse
dumps from Acromyrmex lobicornis nests contained between 1-2 orders of
magnitude more bacteriaand fungi than adjacent, non-nest soils. Since these
taxa are responsible for the major fraction of the mineralization occurring
in soils, they may be responsible for the high nutrient content in ant refuse
dumps documented in earlier works. Ant nest sites should be considered not
only as hot spots of plant diversity and abundance, but also as a source of soil
improvement biota.
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INTRODUCTION

Soil nutrients often limit plant establishment, growth and reproduction
in arid ecosystems (Mun & Whitford 1989, Satti ez a/. 2003). For example,
total nitrogen storage is relatively low in deserts compared with other regions
(Post et al. 1985). The low concentration of soil nutrients in desert soils have
been partially attributed to the low amount of organic matter, which results
in low rates of mineralization (Fisher ez 2/. 1990). Therefore, the distribution
of organic matter and the abundance of soil biota responsible for chemical
transformations can have importantimplications for vegetation maintenance
in dry regions (Schlesinger ez al. 1990).

Ant nests affect the abundance of soil organic matter in many arid eco-
systems (Bestelmeyer & Wiens 2003). Ants concentrate the organic matter
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they forage around their nests as food stocking and waste products. This
accumulation of organic matter may lead to an increase in the abundance
and richness of soil biota. Previous research showed that soil biota was more
abundant and functionally diverse in ant nests than control soils (Wagner ez
al. 1997, Daubers & Wolters 2000, Boulton ez 4 2003, Boulton & Amber-
man 2006). Soil biota decomposes the organic matter into mineral nutrients
makingnestareasricherinsoil nutrient concentrations than adjacent non-ant
nest soils (Petal 1998, Wagner ez al. 1997,2004). Consequently, plants often
show a better performance when they grow near ant-nests than away from
them (Rissing 1986, Whitford & DiMarco 1995, Brown & Human 1997,
Wagner 1997).For this reason,ant nests are considered asan importantsource
of heterogeneity in desert ecosystems (Dean ez al. 1997).

To what extent ants affect soil properties and the vegetation will partially
depend on colony size, ant activity and durability of nests. Ants that build
large, long-lived nests and produce high amounts of organic matter will af-
fect more soil conditions than ants with small colonies, short-lived nests and
with alow organic matter production. Leaf-cutting ants are considered as one
of the most important sources of soil nutrient patches (Farji-Brener & Illes
2000). They form colonies with more than 10° workers occupying a single,
stable nest for 10-20 years (Fowler ez 2/.1986) and collect large quantities
of vegetation from a large area (Costa ez a/. 2008). This collected material is
used as substrate for fungus culturing in underground nest chambers. The
fungi grow on this plant substrate and parts of the fungal colonies are used
to feed the developing ant brood. The waste material obtained from the fun-
gal decomposition is removed from the fungus gardens to specific external
or internal disposal areas (hereafter, refuse dumps). These refuse dumps are
several times richer in organic carbon and nutrients than the adjacent soils,
generating nutritive hot spots around the nest area (Farji-Brener & Illes
2000). This high availability of nutrients usually increases plant abundance,
diversity, productivity and accelerates nutrient cycling around the nest area
(Lugo et al., 1973, Haines 1978, Farji-Brener & Silva 1995b, Farji-Brener &
Illes 2000, Moutinho ez a/. 2003, Farji-Brener & Ghermandi 2004).

The soil biota is mostly responsible for chemical transformations in the
soil. Therefore, the high soil nutrient content in leaf-cutting ant nests sug-
gests that they also alter the abundance of biotic agents responsible for
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decomposition and mineralization, such as bacteria and fungi. As discussed
above, soil micro-organisms typically occur at elevated densities in nests of
other ant species (Wagner ez al. 1997, Daubers and Wolters 2000, Boulton
et al. 2003, Boulton & Amberman 2006). To our knowledge, no previous
study has addressed whether soil micro-organisms are also increased in leaf-
cutting ant nests, although these nests are considered as a major source of
soil fertility in arid regions (Farji-Brener & Ghermandi 2000, 2008; Tadey
& Farji-Brener 2007).

In dryareas of Patagonia, the combined effects of scarce rainfall, poor soils,
and overgrazing have produced important reductions in vegetation cover
and soil fertility (Bisigato & Bertiller 1997, Mazzarino ez al. 1998; Satti ez al.
2003, Tadey 2006). Therefore, any factor that increases soil fertility will have
relevant ecological consequences. The leaf-cutting ant Acromyrmex lobicornis
Emery is considered a key species in these arid regions because it enhances
soil fertility and plant performance (Farji-Brener & Ghermandi 2000; 2008).
This ant species dump their nutrient-rich organic waste in external piles.
Adjacent plants can thus access these nutrients, improving their growth, seed
production and abundance (Farji-Brener & Ghermandi 2008). All these
facts, together with the evidence from other ant species (see above), suggest
that leaf-cutting ant nests should affect soil biota. Here we characterize the
effects of nests of the leaf-cutting ant A. lobicornis on the abundance of soil
micro-organisms (bacteria and fungi) in a semi-arid steppe of northwestern
Patagonia, Argentina.

METHODS

This study was performed in a semi-arid steppe located at the East (dri-
est) border of the Nahuel Huapi National Park, Argentina (41°S, 72°W).
The mean annual temperature is 8°C and the mean annual precipitation is
approximately 600 mm. The dominant vegetation of the study area is a mix
of native species typical from Patagonian steppes (e.g., Stipa speciosa, Muli-
num spinosum, Imperata condensata, Plagiobothrys tinctoreus and Baccharis
pingraea), and some exotics (e.g., Bromus tectorum, Onopordon acanthium,
Carduus nutans and Verbascum thapsus) (Correa 1969-1998). Acromyrmex
lobicornis is the leaf-cutting ant species with the widest latitudinal range
that occurs in Argentina, reaching from subtropical areas in southern Brazil
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and Bolivia (23° S) to Patagonia (44° S) (Farji-Brener & Ruggicro 1994).
A. lobicornis occurs in a broad range of plant communities but is especially
common in dry regions, and is the only leaf-cutting ant species living in
Patagonia (Kusnezof 1978, Farji-Brener & Ruggicro 1994). A. lobicornis
nests reach depths of 1 m, and on the soil surface the ants build a mound of
twigs, soil and dry plant material. Inside this mound, ants tend the fungus
on which the ant larvae feed. Organic waste is removed from the internal
fungus garden and dumped onto the soil surface. This refuse dump is up to
80 times richer in nutrient content than adjacent non-nest soils (Farji-Brener
& Ghermandi 2000, 2008).

Istudied the content of soil micro-organisms (bacteriaand fungi) in refuse
dumps and adjacent non-nest soils from 10 adult 4. lobicornis nests located
within an area of ~ 2 ha. The nests were at least 10 m apart. Populations
of bacteria and fungi were sampled in the late spring (October-December)
of 2001. In each nest, I collected three replicate cores (10 cm wide x 10 cm
deep) from the organic waste pile and a paired non-nest soil site 2-6 m away.
Non-nest soil samples were randomly collected regardless of the presence of
vegetation; however, most of them were obtained from bare soil. The three
samples were gathered into one sample for each site and treatment (i. e., refuse
dump and non-nest soil). Therefore, I analyzed a total of 10 refuse dumps
and 10 non-nest soil compound samples (n = 10 sites). All the samples were
transported to the laboratory and maintained at 4°C upon processing. Sub-
samples of 20 gwere removed and weighed in the laboratory for their analysis.
Filamentous fungi, yeasts and total bacteriaabundance were measured in each
case per duplicate and incipient colonies were counted in nutritive agar plates
following Parkinson (1994) and Zuberer (1994), respectively. Abundance
data of bacteria and fungi were estimated per gram of substrate. Response
variables were expressed as colony forming units per gram (CFU/ g). The
CFU/gof bacteria and fungi were analyzed in each case using paired t-tests.
Data were log transformed to meet parametric assumptions.

RESULTS AND DISCUSSION

Refuse dumps contained higher abundance of soil micro-organisms than
adjacent, non-nest soils. The mean (+ SE) abundance of bacteria was 2 orders
of magnitude higher in refuse dumps than adjacent, control soils (1.9 x 10° +
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1.0 x 10 CFU/gversus 1.0 x 107 + 3.4 x 10¢ CFU/g, respectively, # = 11.1,
df=9,P <0.001). The mean (+ SE) abundance of fungi was also superior in
refuse dumps than in non-nest soils (1.2 x 107+ 6.6 x 10° CFU/g versus 1.5
x 10° + 3.6 x 10 CFU/g, respectively, = 6.4, df = 9, P < 0.001).

Nests of A. lobicornis were associated with high abundance of soil micro-
organisms. Refuse dumps contained between 1-2 orders of magnitude more
bacteria and fungi than adjacent, non-nest soils. Previous studies showed
that refuse dumps from A. lobicornis nests increased soil organic matter,
soil nutrient content and neighboring plants abundance and reproduction
(Farji-Brener & Ghermandi 2000, 2004, 2008). Since micro-organisms are
the decomposers responsible for over 90% of the mineralization occurring
in soils (Lavelle & Spain 2001), the high abundance of bacteria and fungi
in refuse dumps is likely to be the responsible for the high nutrient content
found in this substrate (Farji-Brener & Ghermandi 2000, 2008). Thus, the
findings of this work complete the missing link between the higher content
of organic matter in leaf-cutting ant nest sites and its exploitation by the
neighboring vegetation. Briefly, ants concentrate plant material through
foraging and generate a huge amount of organic waste. This organic waste
favors the reproduction and abundance of soil biota, offering food and ad-
equate microclimatic conditions for decomposers. Previous research showed
that refuse dumps presented more stable temperatures and higher water
retention than control soils (Farji-Brener & Ghermandi 2004). Finally, soil
biota decomposes the organic matter into soil nutrients available for plants,
which can access and employ these nutrients enhancing their abundance and
reproduction (Farji-Brener & Ghermandi2008). The distribution of organic
matter and the abundance of soil biota responsible for chemical transforma-
tions are ecologically important in the maintenance of vegetation in dry
regions (Schlesinger ez al. 1990).

However, there are other possible explanations for this pattern. Ants could
track areas with high concentration of organic matter and soil biota, rather
than cause them. Nevertheless, there are several lines of evidence that suggest
thatantsare responsible for changes in soil organic matter and soil biota. First,
the accumulation of organic matter is evident in many ant species (Wagner
et al. 1997 and references therein), including leaf-cutting ants (Farji-Brener
& Illes 2000). Second, ants actively accumulate organic debris over time; soil

editor's note: we would suggest adding a figure or table summarizing
the results to this section.
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organic matter and nutrient content is higher in older than in incipient ant
nests (Wagner ez al. 2004). Third, the reverse is also true: when ant nests die
or are abandoned by the colony, the elevated concentration of soil fertility
declines (Hudson ez 4/. 2009). Finally, soil biota and nutrients show higher
abundancein external organic waste piles,asubstrate thatis directly generated
by the ants (Farji-Brener & Ghermandi 2008). All these facts, together with
the lack of evidence that leaf-cutting ants prefer patches of soils with higher
contents of organic matter for nest founding, strongly suggest that ants and
their activities are the cause of the high abundance of soil organic matter, soil
biota and soil nutrient content typically associated with their nest sites.

In arid regions, shrubs are recognized as micro-sites of higher soil fertility
(Bestelmeyer & Schooley 1999). Soil biota often shows higher abundance
around roots and in the litter accumulated beneath shrubs, while open spaces
orbaresoils exhibitlower biological activity. The results of this study reinforce
the idea that ant nest sites (including those from leaf-cutting ants) are an ad-
ditional and important source of soil fertility in arid regions (Wagner ez 4/.
1997, Farji-Brener & Ghermandi 2000, Tadey & Farji-Brener 2007). These
results may also have implications for conservation and restoration. From a
conservation point of view, leaf-cutting ant nests should be considered not
onlyashotspotsofplantdiversityand abundance (Farji-Brener & Ghermandi
2000), but also as a source of soil improvement biota. From a restoration per-
spective, refuse dumps could be employed as a cheap and renewable fertilizer
to improve soil quality in low-fertility, overgrazed arid sites.
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